We studied a rodent community in the San Joaquin Desert of California, United States, from 1993 to 2016. Using biannual trapping on a 144-trap plot, we found that mice of various species were rarely caught in appreciable numbers in contrast to many other studies of rodent communities in arid North America. Most captures were made of 3 species of kangaroo rats: giant kangaroo rat (Dipodomys ingens), Heermann's kangaroo rat (D. heermanni), and San Joaquin kangaroo rat (D. nitratoides). The site was dominated by D. ingens, which, in many years, was the only kangaroo rat captured. Precipitation varied extremely across the study period with 2 periods of high rainfall and 2 periods of well-below-average rainfall. The rodent community seems to have been responding to both bottom-up control and the competitive dominance of D. ingens. In particular, our trapping showed 2 complete cycles of abundance of D. ingens, from very high numbers to crashes with either no or only 2 individuals caught during a session. In both cases, the species recovered after these crashes in abundance. Although we found some D. ingens living to 4-5 years, and D. heermanni and D. nitratoides living up to 3 years, annual survivorship estimates were low compared with other studies of kangaroo rats. Other studies, however, were of much shorter duration and therefore may have missed eventual downturns in population abundances. Dipodomys ingens is a protected species, and from a conservation standpoint, our data indicate that populations can be highly resilient even in the face of high environmental variability.
Populations of rodents in arid environments often fluctuate greatly because they experience boom and bust cycles caused by pulses in primary production tied to rare and episodic rainfall events (Ostfeld and Keesing 2000; Previtali et al. 2009; Pavey et al. 2014) . Rodent communities may also experience long-term shifts in species composition because of shifts in the climate that change vegetation communities (Ernest and Brown 2001) . The El Niño Southern Oscillation (ENSO) can greatly affect precipitation amounts and has been linked to changes in abundances of rodents (Lima et al. 1999a (Lima et al. , 1999b Brown and Ernest 2002; Thibault and Brown 2008; Jiang et al. 2011; Lightfoot et al. 2012) . For some communities of rodents, this can lead to major changes in species composition, while ecosystem properties such as energy use and species richness are maintained (Ernest and Brown 2001; White et al. 2004) . In arid North America, substantial changes in abundance of populations of individual species across a number of years have been seen in several species of kangaroo rats (Dipodomys spp.) and mice (e.g., Chaetodipus spp., Perognathus spp., Peromyscus spp., and Reithrodontomys spp. -Ernest and Brown 2001; White et al. 2004; Thibault and Brown 2008; Hernández et al. 2011) . In contrast, Zeng and Brown (1987) found that populations of D. merriami maintained fairly stable abundances in southeastern Arizona during a 7-year study. For those species that do experience wide fluctuations in abundance, the low point of these fluctuations can be especially concerning from a conservation standpoint if the species of interest is endangered. Severe declines in the numbers of individuals can cause local populations to go extinct and, if the population is on fragmented habitat cutoff from other populations, it may be permanently eliminated.
Much of the southern portion of the Central Valley in California is the San Joaquin Desert (Germano et al. 2011) , which supports a rodent community similar to communities in deserts further east in North America (Hafner and Riddle 1997) .
The San Joaquin Desert supports 3 species of kangaroo rats and several species of mice (Hafner and Riddle 1997) . In the San Joaquin Desert, populations of rodents and other small cursorial species are greatly affected by changes in precipitation and herbaceous plant production. Episodes of average to high rainfall over several years can produce dense stands of non-native grasses that are correlated with decreased abundances of these species (Single et al. 1996; Germano et al. 2001 Germano et al. , 2012 .
Native land in the San Joaquin Desert has been greatly reduced by agriculture, energy development, and human habitations (United States Fish and Wildlife Service 1998). San Joaquin kangaroo rats (D. nitratoides) and Heermann's kangaroo rats (D. heermanni) occur throughout the remaining natural land of this desert, and along the west side of the desert bordering the inner coastal range and into the Carrizo Plain and Cuyama Valley, giant kangaroo rats (D. ingens) occur. Dipodomys ingens is state and federally listed as Endangered (United States Fish and Wildlife Service 1998) . Both the Fresno (D. n. exilis) and Tipton (D. n. nitratoides) subspecies of the San Joaquin kangaroo rat also are state and federally listed as Endangered and the short-nosed subspecies (D. n. brevinasus) is a California Species of Special Concern (United States Fish and Wildlife Service 1998). Dipodomys heermanni in the San Joaquin Desert do not have protected status. All 3 species of kangaroo rats (D. n. brevinasus of the San Joaquin kangaroo rat) are sympatric across the range of D. ingens. The 3 species are divergent in size, with adult D. ingens being the heaviest at 100-180 g, followed by D. heermanni at 65-80 g, and D. nitratoides at 30-45 g (Grinnell 1932; Williams 1992 ; United States Fish and Wildlife Service 1998; this study).
Six species of mice that occur in the San Joaquin Desert consume seeds: San Joaquin pocket mice (Perognathus inornatus) and long-tailed pocket mice (P. longimembris) are primarily granivorous; western harvest mice (Reithrodontomys megalotis), North American deer mice (Peromyscus maniculatus), and house mice (Mus musculus) consume seeds along with other food resources; and California voles (Microtus californicus) may consume seeds, especially when green vegetation is not available. In addition, the insectivorous southern grasshopper mouse (Onychomys torridus- Hafner and Riddle 1997; Kays and Wilson 2002 ) is present. Based on our 28 years of experience of trapping at various locations in the San Joaquin Desert, P. maniculatus is the mostoften caught mouse species, although numbers fluctuate greatly across years. Episodically, P. inornatus is extremely abundant but at times is caught only in low numbers or are absent entirely. Onychomys torridus occurs fairly often but is always trapped in low numbers, probably because traps are baited with seeds, and R. megalotis, M. musculus, and M. californicus are rarely trapped. We have never caught P. longimembris in our years of trapping. Of the 2 species of mice caught fairly regularly, P. maniculatus range in size from 10 to 30 g and P. inornatus range only from 7 to 12 g. When we have found traps with both mouse species captured, invariably deer mice will have killed and partially eaten pocket mice (D. J. Germano, pers. obs.) .
We studied a rodent community for 24 years at an isolated patch of habitat on the western edge of the valley portion of the San Joaquin Desert. Through biannual trapping using 6-day sessions, we followed the population fluctuations of 3 species of kangaroo rats and 5 species of mice. We permanently marked kangaroo rats and were able to estimate population abundance and survivorship. We expected that numbers of rodents would fluctuate in numbers in response to environment variability and that D. ingens, because of its large size, would dominate the rodent community in years favorable to the species.
Materials and Methods
Study site.-The population of rodents that we studied occurred in the San Joaquin Desert on the west side of the San Joaquin Valley in Kern County, California. The site is at an elevation of 100 m located at 35°25′43″N, 119°37′06″W and was a 40-ha (99-acre) federal parcel of land managed by the United States Bureau of Land Management. The site was surrounded on 3 sides by irrigated agriculture and bordered on the east by the California Aqueduct (Fig. 1) . Throughout the study, land to the north of the site was a pistachio orchard. From 1993 From until 2007 to the west and south of the site was used for annual crops, often cotton. In 2008, these lands were planted to pistachio orchards. This change in crop had no bearing on our study because no nocturnal rodents are found in areas of intensive agriculture in the San Joaquin Valley (D. J. Germano, pers. obs.). The study site was a remnant saltbush (Atriplex spp.) scrubland typical of the San Joaquin Desert (Germano et al. 2011) . Depending on the year, the soil surface was either covered by a moderate to dense growth of native and non-native forbs and grasses or was bare between the perennial shrubs ( Fig. 2) .
Field methods.-In August 1993, we established a 144-trap plot (12 × 12 lines) at the study site. We placed wooden stakes at 10-m intervals and placed an extra-large Sherman live trap (Model XLF, H.B. Sherman Traps, Tallahassee, Florida) at each stake. For 24 years, from August 1993 to May 2016, we trapped rodents during 6 consecutive nights, twice each year during spring (March-May) and fall (August-October). We baited the traps with Parakeet Mix bird seed, which is a mixture of several different small seeds, and we included 1 or 2 sheets of brown paper towels that we wadded tightly as bedding material. We opened the Sherman traps in late afternoon and we checked them at dawn the next morning. Our study protocol for live animals followed the ASM Guidelines (Sikes et al. 2016) .
For each rodent we captured, we recorded its trap location on the grid, its sex and weight (using a spring scale), and its reproductive condition. We judged the reproductive condition of males as non-reproductive (scrotal sac not enlarged), questionable (scrotal sac partially enlarged), or reproductive (scrotal sac enlarged and presumed capable of insemination). For females, we scored them as non-reproductive, estrous (swollen vagina with or without a vaginal plug), lactating (nipples enlarged and pink or red), or pregnant (enlarged nipples, distended abdomen, and of a heavy weight). For all kangaroo rats, we determined age classes of individuals as adult or young. We determined young kangaroo rats by their low body mass, lack of guard hairs, grayish color of pelage, and relatively large head and feet for their body size. In practice, however, some animals that had these juvenile characteristics had attained adult weights and sometimes were reproductive, so for all analyses we used weight thresholds for kangaroo rats for age class determination. We classified D. ingens that were > 90 g as adults, D. heermanni as adults if > 45 g, and D. nitratoides as adults if > 30 g. Over the 24 years, the number of D. ingens that were > 90 g yet exhibited some juvenile characteristics added either no or just a few additional young in most years and up to 4-5 times more possible young in only a few years. We found few ambiguously assigned young for the other Dipodomys species.
To permanently mark kangaroo rats, we tagged individuals with passive integrated transponder (PIT) tags (Model TX1400 series, Biomark, Boise, Idaho) inserted subcutaneously on the back with a hypodermic needle (Schooley et al. 1993; Williams et al. 1997 ). For P. inornatus and O. torridus, we made a belly mark with a black felt-tipped marker pen, which lasted the 6-day session. Because of the concern about hantavirus pulmonary syndrome (HPS) that can be carried by P. maniculatus (Centers for Disease Control. 2015. Hantavirus pulmonary syndrome (HPS). http://www.cdc.gov/hantavirus/hps/index.html. Accessed 3 November 2015), we did not handle this species but simply noted its capture. We also did not mark R. megalotis or M. musculus, which we caught only in a few sessions. Therefore, estimates of population abundance of these 3 mice are simply the highest 1-day total during a 6-day session.
We collected precipitation data for the site for 1993 to 1997 using data recorded by the Buttonwillow Water Storage District located about 8 km west of the plot and from 1998 to 2016 from a rainfall gauge in the Lokern triangle area installed for a grazing study (Germano et al. 2012) , about 2 km southeast of the site. Each fall, we estimated the amount of herbaceous plant material produced by collecting residual dry matter (RDM). We randomly located 30 plots on the grid each fall by numbering areas formed by 4 grid stakes. Within selected plots, we walked 10 steps across the plot diagonally between 2 opposite stakes and set down a 0.25 × 0.25 m quadrat. We clipped and gathered all the herbaceous plant material (avoiding rabbit pellets, stones, and woody branches) within the quadrat and dried the material. We used the average weight of the RDM of the 30 plots as our estimate of herbaceous plant production in a year. We did not try to estimate the amount of nonnative versus native species in these samples because in the San Joaquin Valley, exotic annual plants have become the dominant herbaceous component in most areas (Biswell 1956; Heady 1977) . Non-native species, such as red brome (Bromus rubens madritensis), mouse-tail fescue (Vulpia myuros), Arabian grass (Schismus arabicus), foxtail (Hordium murinum glaucum), ripgut brome (Bromus diandrus), soft chess (Bromus hordeaceus), and red stem filaree (Erodium cicutarium) often dominate sites in the valley (Harris et al. 1992; Williams 1992) , and this was true of our study area.
Analysis of data.-We used Pearson's product moment correlation to determine the association between yearly (July to June) precipitation and RDM. We compared the sex ratios of all individuals captured throughout the study for each species of kangaroo rat to a 1:1 ratio using Yates corrected chi-square (α = 0.05). To understand the effects of the environment and competition on community composition, we used correlations and multiple regressions across various measures of rodent abundance and weight. Because D. ingens numerically dominated the community in most years, we used correlation to determine the association between RDM and the total number of D. ingens caught in the fall, those caught in the spring, total number of D. ingens caught in the fall from 1994 to fall 1998 (before a population crash), and number caught in the fall from 1999 to 2015 (after a crash). We also compared the number of young D. ingens (weight restricted) caught each year to precipitation and RDM and to the abundance of D. ingens using correlations.
To determine the effect of the number of D. ingens on other species, we used correlations to compare abundances (separately) of D. heermanni, D. nitratoides, and mice (grouped) to abundance of D. ingens in a year. We also compared abundance of mice (grouped) to the abundance of all kangaroo rats caught in a year using correlation. We used multiple regressions to relate the abundance of D. heermanni and D. nitratoides (separately) to precipitation and RDM with the abundance of D. ingens as a covariate. We compared the weights of all 3 species of kangaroo rats using correlations (separately) to precipitation and RDM. To examine density-dependent effects, we used a multiple regression to determine the effects of the number of D. ingens and total number of kangaroo rats with RDM as a covariate on the weight of D. ingens. Finally, we calculated a Simpson reciprocal diversity index for the spring and fall sessions each year and compared the indices to precipitation, RDM, and D. ingens abundance using correlations. For all correlation analyses that involved multiple comparisons, we adjusted the critical value (0.05) using the method of Legendre and Legendre (1998) .
We calculated recapture and demographic vital rates of kangaroo rats using encounter histories derived from individual encounter histories in Program Mark (White and Burnham 1999) . Time intervals between sampling sessions were entered into MARK models to reflect variation in time intervals between sessions. We calculated population size (N), apparent survival (Φ), and recapture rates (p) using open population CormackJolly-Seber (CJS) and POPAN models in Program MARK (Lebreton et al. 1992; White and Burnham 1999) . We generated CJS model sets based on group designation (adult male, adult female, young male, young female) to test whether Φ or p was best estimated independent of group or time, by group or time, or a group-time interaction. We designated animals as young using the restrictive weight definition. Model selection was based on Akaike Information Criterion (AIC c ) values, with lower values denoting greater parsimony (Burnham and Anderson 2002) . Population estimates for the 3 species of kangaroo rats using both the model POPAN and Jolly-Seber markrecapture analyses were either slightly lower than or exactly the same as the total number of individuals of each species caught during a 6-day session. We suspect this occurred because we had extremely high recapture rates in a session, with few new individuals found after day 2. Therefore, we report the total number of individuals captured in a session from 1993 to 2016 as the estimate of population size.
Traditionally, encounter rates are used to calculate the probability that an individual will leave a population. If the encounter rates are reversed, then the probability of an individual entering the population can be estimated (Pradel 1996) with Lambda (λ) = rate of individuals entering a population or cohort. Using Pradel models, λ estimates the realized growth rates of the age class from which the encounter rates were generated but is not necessarily equivalent to the growth rate of the population. Still, it provides an important metric of the life-history characteristics of a population. Pradel's λ was estimated by Program MARK in conjunction with the CJS model described above. We estimated longevity of kangaroo rats from recaptures across sessions. The number of sessions across which we found individuals was used as the minimum longevity for the individual. For example, if we captured an individual in 3 consecutive sessions, then not in the next session, but again in 2 more sessions, we estimated that this kangaroo rat was at least 3 years old when we last caught it (caught across 6 sessions; 2 consecutive sessions are a year).
results
Rainfall varied widely across the 24 years of the study (Fig. 3) . Precipitation amounts at the site were average or well-above average in the first 6 years of the study, including an ENSOinduced record-breaking year of 1997-1998 when precipitation totaled 412.5 mm, 291% above the 24-year average. There was also higher than average rainfall from July 2004 to June 2006 and July 2009 to June 2011 (Fig. 3) . The intervals in between were generally much below average, including the last 5 years of the study, which included rainfall in 2013-2014 of only 19.3 mm (13.6% of average). Our measure of herbaceous plant production generally followed amounts of yearly precipitation. Although the correlation between RDM and precipitation was not extremely high (r = 0.491), it was significant (t 20 = 2.52, P = 0.020).
Except for one 6-day session, the number of individual kangaroo rats caught on the plot dwarfed the number of individual mice caught during the 24-year study (Fig. 4) . Mice accounted for the majority of captures only in the spring 1999 session, the year after the ENSO-influenced record rainfall of 1997-1998. We caught only 1 mouse (R. megalotis) in the spring 1998 session and no individuals of any species in the fall 1998 session (Fig. 4) . In most years, we caught many more D. ingens than either D. heermanni or D. nitratoides, and in some years they were the only species of kangaroo rat we caught (Fig. 5) . We made almost 11,600 captures of 1,498 individual D. ingens in 24 years (Table 1) . The number of males we caught was essentially equal to the number of females caught (Table 1) , both for adults ( χ (Table 1) ; adult sex ratios were not significantly different from 1:1 (D. heermanni: χ 2 1 = 2.281, P = 0.131; D. nitratoides: χ 2 1 = 3.684, P = 0.055) and the number of male and female young were the same for both species (Table 1) .
Of the mice we found on the site, we made the most captures of P. maniculatus, which showed up in traps 16 of the 24 years (Table 2) . We also caught P. inornatus, O. torridus, R. megalotis, and M. musculus, although numbers and duration on the plot were much less than for deer mice (Table 2) . We caught M. musculus only in spring 1999 and R. megalotis in spring 1998 (1 individual) and spring 1999. The other 3 species of mice were caught occasionally in low numbers after 1998 (Fig. 4) , but never in as high of numbers as found in the spring 1999 session (when numbers of kangaroo rats were low). (Fig. 5) , and only a few captures of P. maniculatus in spring 1996 (Fig. 4) . After not capturing any rodents in 1998, both mice and D. heermanni made up a large proportion of rodents on the plot from 1999 to (Fig. 5) .
Overall D. ingens dominated the plot, although numbers varied greatly in the 24 years (Fig. 5) . When we started the study, we caught 81-113 D. ingens individuals in 6-day sessions through August 1996. With average to above-average rainfall from 1993 to 1998 (Fig. 3) , RDM was high in most years (trespass grazing may have reduced RDM in 1995 and 1996: see "Discussion") and the number of D. ingens steadily decreased from 1996 until 1998, and we did not catch any D. ingens (or any) in both sessions of 1998 (Fig. 6) . (Fig. 6) . From these highs, the D. ingens population again crashed as rainfall was well below average from 2012 until the end of the study (Fig. 3) , and RDM vanished from 2012 through 2014 (Fig. 6) . (Table 4 ). The spring diversity index was not correlated with precipitation (t 21 = −1.260, P = 0.335), RDM (t 20 = −1.929, Table 2 .-The number of total captures, total number of individuals captured, the highest number of captures in 1 day (HCOD), total number of captures in the spring sessions, total number of captures in the fall sessions, and the number of years a species was captured for various species of mice caught during biannual trapping sessions (spring and fall) from 1993 to 2016 at the North Lokern study site in the San Joaquin Desert of California. Only Onychomys torridus and Perognathus inornatus were handled and marked during trapping sessions; therefore, we do not know the number of individuals captured per session for the other 3 species. (Table 5 ). Apparent static 6-month survivorship for D. ingens ranged from 0.175 to 0.288 with young having lower survival rates than adults (Table 6 ). Six-month survivorship for D. heermanni was much lower than for D. ingens, ranging from 0.005 to 0.100 and was highly variable for D. nitratoides ranging from 0.036 to 0.554 (Table 6) . Recaptures rates over 6 months for all 3 species for all groups generally were high (0.810-1.000) except for young male D. heermanni and male D. nitratoides (Table 6 ). Populations of D. ingens and D. nitratoides over the 24-year study were growing (λ > 1.0) but were declining for D. heermanni (Table 6 ).
Based on recaptures over the course of the study, we found 143 D. ingens (9.55% of 1,498 individuals) survived to at least 2 years of age (4 sessions), 55 (3.67%) to at least 3 years of age, 19 (1.27%) to 4 years of age, and 1 female survived through 11 sessions, meaning that she was at least 5.5 years of age when we no longer caught her (Table 7) . In contrast, only 5.03% (16 of 318) of D. heermanni were at least 2 years of age and the oldest found in traps were 3 years of age, with only 1.26% (4 individuals) of the population in this group (Table 7) . Similar low levels of longevity occurred in D. nitratoides and only 2 individuals were at least 3 years of age (1.75%; (Orland and Kelt 2007) . However, at the Jornada Experimental Range in the Chihuahuan Desert of southern New Mexico, the species composition at 2 sites was stable over 11 years with D. ordii dominating a grassland rodent community and D. merriami dominating a shrubland rodent community (Lightfoot et al. 2012) . The grassland community also included 4 mice, 3 woodrats, and 2 other kangaroo rat species, and the shrubland site included an additional 3 species of mice along with those at the grassland site (Lightfoot et al. 2012 ). Unlike these apparently more stable communities, the 28-year dataset from a southeastern Arizona site showed large changes in rodent community composition (Thibault et al. 2010 ). In the first 7 years of the study, sites were dominated by D. spectabilis and D. merriami (Brown and Ernest 2002) . Dipodomys spectabilis numbers crashed in 1984, never recovered greatly, and D. merriami numbers dominated sites through 2000 (Brown and Ernest 2002) . However, from 1995 to 2008, Chaetodipus baileyi greatly increased in numbers and became dominant (Thibault et al. 2010) . Overall, the rodent community changed from that dominated by large-bodied kangaroo rats to smaller pocket mice of several species (Thibault et al. 2010) . For most nocturnal rodent communities in arid systems, abundance of species is under bottom-up control, where precipitation and subsequent herbaceous plant productivity affect the number of rodents (Brown and Ernest 2002; Shenbrot et al. 2010; ; Hernández et al. 2011; Jiang et al. 2011; Lightfoot et al. 2012) . Although various factors affect herbaceous plant productivity, it is usually positively correlated with annual precipitation amounts (Nippert et al. 2006; Anderson et al. 2008; Hernández et al. 2011; Lightfoot et al. 2012) . The moderate correlation of precipitation and herbaceous ground cover at our site was probably due to the timing of our recording RDM and possible trespass animal grazing. Before 2008, the site was not fenced and we saw signs of sheep trespass in 2 of the early years of high rainfall. Also, in 2001 and 2012 when there were high numbers of D. ingens, it appeared that the rodents had stripped the site clean of virtually all herbaceous vegetation by the time we recorded RDM. We realized during the study that it would have been better to record RDM levels in late spring after annual plants have dried and before D. ingens clipped plants, but we continued with fall recording for consistency.
We think this trespass grazing affected the RDM levels in 1995 and 1996, keeping levels well below what precipitation produced. If so, the effects of grazing could account for the lack of statistical significance in our correlation of RDM and fall D. ingens numbers from 1994 to 1998. In effect, the pattern we saw on the plot was a negative correlation of vegetation biomass with numbers of D. ingens early in the study, but a positive correlation later in the study. At the beginning of the study, we found high numbers of D. ingens, but continued high levels of vegetation cover (up to 190.1 g/m 2 in 1998) probably became a barrier to movement for D. ingens and the other kangaroo rats, likely increasing predation rates. The persistent cover may also have kept the soil moist for extended periods of time, which may have spoiled underground food caches. High levels of herbaceous cover are correlated with low numbers of D. ingens across their range (Germano et al. 2001 ) and with significant declines in kangaroo rat populations at various sites in the San Joaquin Valley (Single et al. 1996) . In addition, there was a negative correlation between numbers of D. nitratoides and RDM during a 10-year grazing study about 4 km south of our study site (Germano et al. 2012 ). However, a rise in vegetation cover and associated food production from low levels after a dry period seems to have benefitted D. ingens when their numbers were low to moderate. Then, when D. ingens levels were the highest, an abrupt drying for several years stopped food production and the population crashed. These boom and bust cycles typify D. ingens populations (Williams et al. 1993; Germano et al. 2001 ) and can be caused either by too much rain and associated herbaceous cover, or too little food production in sequential dry years. These large changes in numbers of D. ingens led to changes in the rodent community composition at our site. In southeastern Arizona, extreme rainfall events appear to have caused substantial changes in the rodent community. Although there was a linear relationship between increasing precipitation and increasing rodent abundance in the 1970s and 1980s, several high rainfall events associated with ENSOs in the 1990s caused rodent numbers to decrease (Brown and Ernest 2002) . Numbers of D. spectabilis seemed to have crashed after a large tropical storm because wet soil may have spoiled underground seed larders, and numbers of D. merriami may have decreased because of sheet flooding after intense thunderstorms (Brown and Ernest 2002; Thibault and Brown 2008) . Both D. stephensi and D. simulans also declined during heavy rainfall periods in southern California, although both species recovered rapidly (Kelt et al. 2005) .
Dipodomys ingens is also a seed hoarder and an individual can store as much as 33 l (8.73 US gallons) of seeds underground (Shaw 1934) . Besides foraging on seeds of native species, D. ingens often eat seeds from non-native plants, especially red stem filaree and red brome (Shaw 1934; Hawbecker 1944) , so food limitations matter only when herbaceous plants of any kind are scarce. High rainfall may spoil these caches also, which may be a reason why the species is almost exclusively found on well-drained soils on bajadas on the west side of the San Joaquin Valley and areas to the southwest (Grinnell 1932; Williams 1992) . In addition to seed spoilage, high levels of herbaceous plant cover are also associated with decreased numbers of D. ingens and the other kangaroo rats in the San Joaquin Desert (Germano et al. 2001 (Germano et al. , 2012 . However, we also saw that increasing precipitation and plant productivity at our site increased D. ingens numbers when the population was only low to moderately abundant, but long-term drought with a lack of food production also caused the population to crash. In effect, populations of D. ingens only do well in a narrow range of environmental conditions with average to below-average rainfall that suppresses non-native plant cover but produces enough moisture to produce abundant seeds (native or nonnative). Historically, before the invasion of non-native grasses in the 1800s in the San Joaquin Desert (Biswell 1956; Heady 1977) , numbers of D. ingens may have been less volatile when the inter-shrub spaces were more open, even in wet years.
The overall rodent community varied substantially over the 24 years of the study. We did not detect any effect of varying amounts of rainfall and RDM levels on mice or the other 2 species or kangaroo rats, nor did we detect an effect of abundances of D. ingens on these other species. Body masses of the 3 species of kangaroo rats also were not correlated with abundances of D. ingens. We did, however, find that rodent species diversity in the fall sessions was negatively correlated with amounts of precipitation and RDM. No doubt this is a complex system and our measures of environmental variability may not have captured the factors causing changes in the community.
In our system, the rodent community is dominated by D. ingens, probably because their large size makes them superior competitors to other rodents, including the other 2 species of kangaroo rats. They also have greater levels of survivorship and longevity than D. heermanni and D. nitratoides. Annual survivorship for adult D. ingens was 0.083 for females and 0.070 for males with the oldest individuals surviving to 4-5 years. In a survey of survivorship and longevity, French et al. (1975) reported that heteromyid rodents have monthly survivorships of 0.87-0.95 (0.188-0.540 annually) and live from 7.6 to 9.3 months. In southeastern Arizona, 19 of 50 (38.0%) D. spectabilis lived > 1 year (Jones 1986 ). In southern California, monthly survival rates for D. simulans varied from a low of about 0.40 to a high of about 0.95 (< 0.001-0.540 annually, estimated from Fig. 3 - Kelt et al. 2005) . Zeng and Brown (1987) found D. merriami could live up to about 3.5 years, similar to our estimate for the similar-sized D. nitratoides. Our estimates of survivorship were much lower than these other studies, but our estimates spanned 24 years. These other studies were 3-4 years long and in no cases had the populations crashed. Our annual survivorship estimates could have been much higher if we studied only the population over a short duration under good environmental conditions. Because D. ingens is an endangered species, understanding long-term trends in populations is necessary for its conservation. As seen at our site, D. ingens often numerically dominates the rodent community, sometimes to the virtual exclusion of other nocturnal rodents. This dominance has been known since the 1930s, when the first biologists to study the ecology of this species noted large areas that contained only D. ingens (Grinnell 1932; Shaw 1934) . This dominance was seen only in open habitat mostly devoid of shrubs, whereas areas with shrubs also supported D. heermanni, D. nitratoides, and several species of mice (Tappe 1941; Hawbecker 1951 ). Our site is unusual because it is located at the eastern edge of the range of D. ingens on the valley floor, has many saltbush shrubs, and is surrounded on 3 sides by irrigated agriculture with only a narrow strip (about 5 m) of natural habitat bordering the California Aqueduct that connects the site to other D. ingens populations. Despite the presence of shrubs, D. ingens often dominates the rodent community as it does in open habitats.
We have shown that a population of D. ingens can survive at least 2 episodes of collapse and rebound to persist at our study site. If the population recovers from a few remaining individuals without migrants from other areas, heterozygosity will decrease, perhaps to detrimental levels (Harrison and Hastings 1996) . Observed heterozygosity of D. ingens at our site was 0.50 (SE = 0.14) in 2012, 14 years after the first collapse in the population (Blackhawk et al. 2016) . Observed heterozygosity was similar to 5 other populations of D. ingens in the southern San Joaquin Valley (0.38-0.51- Blackhawk et al. 2016) and to populations of D. ingens on the Carrizo Plains and Panoche Valley area (Good et al. 1997; Loew et al. 2005) . Low levels of heterozygosity indicate inbreeding and genetic drift (Harrison and Hastings 1996) . Dipodomys ingens at our site appear to have maintained moderate heterozygosity despite episodes of population crashes, which may mean that there is sufficient gene flow from neighboring sites despite the isolated nature of this population.
Understanding the persistence of D. ingens is important to how we view the quality of habitat across its range. Managers should consider conserving remaining parcels of suitable habitat, however small, in the range of the species even if surveys in 1 year do not find the species present. Although we did not find a significant correlation of the number of young produced to the population size of adults, D. ingens seemingly has the ability to greatly increase reproductive output after large population declines allowing for rapid population increases. It should also be encouraging that environmental variability may not make populations go extinct, even on relatively small and isolated parcels. That said, it would be wise to actively manage habitat structure to remove excess herbaceous ground cover in years of successive high to average rainfall because this cover eventually reduces population levels greatly. Unfortunately, little can be done about the type of drought recently experienced in California. It is interesting to note though that the last 2 years of our study were conducted while conditions were still a drought, yet the amounts and timing of rainfall at our site were sufficient to increase plant production to apparently produce enough food for D. ingens numbers to increase from virtual extinction.
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